Flavonoids (or bioflavonoids) are a group of about 4000 naturally occurring compounds that are ubiquitous in vascular plants. These compounds are responsible for the autumnal burst of hues and the many shades of yellow, orange, and red in flowers. They are also important for the normal growth, development, and defense of plants. 1) Flavonoids occur in several medicinal plants, and herbal remedies containing flavonoids have been indicated in folk medicine around the world.
Effects of Tea from Turnera ulmifolia L. on Mouse Gastric Mucosa Support the Turneraceae as a New Source of Antiulcerogenic Drugs
Plant Material Specimens of T. ulmifolia were collected in 1999 in the city of Porto Nacional, Tocantins, and were identified and authenticated by Dr. Solange de Fátima Lolis at the Biology and Public Health Institute of the University of Tocantins, Brazil. A voucher specimen (number 0071) was deposited in the HTINS herbarium located in the same university.
Infusion Preparation Dried, powdered aerial parts of T. ulmifolia (50 g) were infused with 500 ml of boiling water to give a 10% solution. The infusion was allowed to cool to room temperature before being filtered and lyophilized. This procedure yielded 2 g of lyophilized aqueous extract and was repeated several times to obtain sufficient material for the biological assays. Lyophilized samples were homogenized to produce a final AqF and the resulting sample was stored under refrigeration until the experiment.
Hippocratic Screening and Acute Toxicity The signs and symptoms associated with the oral administration of the AqF (500, 1000, 2500, and 5000 mg/kg) were monitored in 8 mice per dose. The mice were examined 0, 5, 1, 2, 4, 8, 24, and 48 h after administration of the infusion to assess possible clinical or toxicological symptoms. The mortality rate was monitored for a period of 2 weeks, as described by Souza Brito.
6)
Antiulcerogenic Activity. Ethanol/HCl-Induced Gastric Mucosal Lesions These experiments were performed using the method of Mizui and Doteuchi, 7) with some modifications. Mice were fasted for 24 h and then given the AqF at doses of 100, 250, 500, and 1000 mg/kg. Lansoprazole (30 mg/kg) or vehicle (NaCl 0.9%) was administered orally to the control mice. Fifty minutes after the administrations, all mice received an oral dose of 0.2 ml of 0.3 M HCl/60% ethanol solution and were killed by cervical dislocation 1 h later. The stomach was inflated by injecting 2 ml of normal saline and then opened along the greater curvature before fix in 5% formalin for 30 min. The ulcerative lesion index (ULI) was calculated as described by Szelenyi and Thiemer. 8) Hypothermic Restraint Stress-Induced Lesions The method of Levine 9) was used, with some modifications. Mice were fasted for 36 h and then immobilized in a restraint cage at 4°C for 4 h. The AqF from T. ulmifolia (100, 250, 500, 1000 mg/kg), cimetidine (100 mg/kg), or saline was administered 1 h before the stress procedure. The mice were killed and the stomach was removed and opened along the greater curvature to determine the ULI as described above.
Indomethacin-Induced Gastric Lesions in Cholinomimetic-Treated Mice These experiments were carried out as described by Rainsford. 10) In this model, gastric lesions were induced by administering indomethacin (30 mg/kg, s.c.) and bethanechol (5 mg/kg, i.p.); the drugs were administered to mice after a 36 h fast. The AqF (100, 250, 500, 1000 mg/kg), cimetidine (100 mg/kg, p.o.), or saline was administered 30 min before the induction of gastric lesions. The mice were killed 4 h after treatment with the ulcerogenic agents, and the stomachs were removed and inflated with 4% formalin in buffered saline to determine the ULI as described above.
Determination of Gastric Secretion This assay was performed using the method of Shay et al., 11) with minor modifications. All groups of mice were fasted for 36 h, with free access to water. Immediately after pyloric ligation, the AqF (100, 250, 500, 1000 mg/kg), cimetidine (100 mg/kg), or saline was administered intraduodenally. The mice were killed 4 h later, and the abdomen was opened and the stomachs removed. The amount of gastric juice (mg) and the pH were determined. The total acidity of the gastric secretions was determined by titration with 0.01 N NaOH to pH 7.0.
Cysteamine-Induced Duodenal Ulcers Acute duodenal lesions were induced in four groups of rats according to the method of Szabo.
12) The rats received two oral administrations of cysteamine HCl (400 mg/kg) in 1 ml of distilled water at a 4 h interval to produce the duodenal lesions. The AqF (500, 1000 mg/kg), cimetidine (100 mg/kg), or saline was given orally 1 h prior to cysteamine challenge. All rats were killed 48 h after the first administration of cysteamine and the duodenum was removed and scored for the presence of lesions.
Chromatographic Analysis of the AqF from T. ulmifolia The chemical constituents present in the lyophilized infusion of T. ulmifolia were identified according to the method of Wagner et al. 13) The chromatographic analyses were done on glass plates (5-30 cm) coated with Fluka F254 silica gel 0.25 mm thick and eluted in three different solvent systems: n-butanol/acetic acid/water (BAW) 65 : 15 : 35 v/v; chloroform/methanol/ammonia 8 : 2 : 0.5 v/v; and chloroform/ methanol/n-propanol/water 5 : 6 : 1 : 4 v/v (lower layer). The AqF (10 mg) was dissolved in 1 ml of a 1 : 1 v/v mixture of methanol-water, submitted to an ultrasonic bath for 5 min, and centrifuged. Approximately 10 ml of the solution was spotted onto the TLC plate. Alkaloids were detected by spraying the plates with Dragendorff's reagent or iodoplatinate. Anthraquinones were detected using 10% potassium hydroxide solution in methanol. Flavonoids were detected by their intense fluorescence in visible or UV light when developed with a natural product/polyethylene glycol (NP/PEG) reagent. General phenolic compounds were detected after exposing the plates to ammonia vapors and immediately observing the fluorescent spots under UV light. Saponins, triterpenes, and steroids were detected either with anisaldehyde-sulphuric acid reagent or sulphate-sulphuric acid solution, which produced a range of colors after heating for 5 min at 100°C. Tannins were detected with 5% ferric chloride solution in methanol and with 1% gelatin solution. Standard solutions of rutin, isoquercetrin, chlorogenic acid, and catechin were prepared in methanol.
Statistical Analysis The results are expressed as the meanϮS.D. and significant differences in the ULI were determined by one-way analysis of variance (ANOVA) followed by Tukey's (among groups) or Dunnett's (relative to the negative control group) pairwise tests. ANOVA was used to analyze the linear fit of the dose-response curves, and the ED 50 values were determined to confirm the dose dependence of the AqF effects. p values of less than 0.05 were considered significant in all analyses.
RESULTS AND DISCUSSION
Based on the phytochemical screening shown in Table 1 , flavonoids were apparently present as secondary metabolites in the infusion of T. ulmifolia aerial parts. Other classes of products with no known antiulcer activity were also present as minor compounds.
Numerous investigations have concluded that flavonoids play a central role in the antiulcer and antiinflammatory activities of plants. 2, 3, 14) Recently, the antioxidant activity of flavonoids has attracted interest because of strong evidence that oxidation processes are involved in the mechanisms of several gastric disorders, including ulcerogenesis. 14, 17) Preparations such as infusions, extracts, or fractions containing flavonoids as the major compounds generally produce no significant acute toxicity in vivo. In agreement with this, no signs or symptoms of acute toxicity were observed with any of the doses of the AqF. There were no significant differences in organ weight, in water or food intake or in the amount of feces produced by AqF-treated and control mice. None of the treated mice died during the 14 d of observation after the administration of the AqF. These findings indicate that the AqF from T. ulmifolia is safe in mice at doses of up to 5000 mg/kg p.o. However, the possible effects in other species have yet to be studied.
The antiulcerogenic activity of the AqF was assayed in distinct models of ulcerative gastric and duodenal lesions in mice and rats, respectively. Gastric acid is secreted from the parietal cells by a proton pump and is stimulated by acetylcholine, histamine, and gastrin. 18) Anticholinergic and antihistaminergic drugs block the action of acetylcholine and histamine at muscarinic M 3 receptors and histaminergic H 2 receptors located in the basolateral membrane of parietal cells. In contrast, proton pump inhibitors such as lansoprazole act directly on H ϩ /K ϩ -ATPase, the final step in acid secretion, and therefore control acid secretion independently of the stimuli acting the parietal cells. 19, 20) Prostaglandins are involved in the regulation of a variety of gastrointestinal functions, including blood flow and acid, mucus, and HCO 3 secretion. Mucus and HCO 3 released from the surface of epithelial cells are part of the mucosal defensive mechanisms and play an important role in protecting the gastroduodenal mucosa. Although the physiological regulation of mucus and HCO 3 release involves neuronal factors, prostaglandin E 2 is also important in the local control of this secretion. 18, 20, 22) Some plant extracts containing flavonoids can inhibit H ϩ /K ϩ -ATPase proton pump activity or increase PGE 2 and mucus release, which could explain their antiulcerogenic action. 2) Mice pretreated with the AqF showed a significant reduction in ethanol induced gastric ulcers at doses of 500 and 1000 mg/kg (Table 2) , although the effect was not dose dependent. These results indicate that compounds present in the AqF interfered with the ulcerogenic activity of ethanol. 23) Cytoprotective drugs alone or in combination with antisecretory drugs have commonly been used to treat alcohol induced gastric ulcer in humans. Plants containing flavonoids are also effective in preventing this kind of lesion, mainly because of their antioxidant properties. 1, 3) The AqF also significantly prevented the formation of stress-induced lesions at doses of 250, 500, and 1000 mg/kg (Table 3) . Again, no dose dependence effect was observed, and there was no difference between the doses of 500 and 
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ULI analysis: ANOVAϪF (5, 42) ϭ23.66; Tukey test. pϽ0.05 for a) cimetidine and AqF (250, 500, 1000 mg/kg) vs. negative control; b) AqF (100 mg/kg) vs. cimetidine, and c) AqF (250, 500, 1000 mg/kg) vs. AqF (100 mg/kg), (nϭ8). tively. The prevention of stress-induced lesions by the AqF most likely involved an action on gastric secretion. 20) Antisecretory drugs such as cimetidine, lansoprazole, and other potent antisecretory drugs are used to treat this type of lesion in humans. However, various agents of vegetable origin with antioxidant properties or containing free radical scavengers have also demonstrated good activity when used to treat stress and ulcers induced by stress in rodents. 2, 24) The gastric ulcers produced by the cyclooxygenase 1 and 2 inhibitor indomethacin 25) given in combination with a parasympatomimetic drug were prevented by the AqF (Table  4) at doses of 500 and 1000 mg/kg. This time, the effect was dose dependent. Antisecretory drugs and cytoprotective drugs such as prostaglandin analogues or other agents that protect the gastric mucosa, alone or in combination, are generally used to treat this type of lesion in clinical practice. Various plants containing flavonoids are also able to increase gastric mucus and bicarbonate secretion as well as PGE 2 release from the gastric mucosa, thereby preventing the ulceration induced by NSAIDs in rats. 2, 3, 14) When the normal stomach motility was altered by ligation of the pylorus 26) and cimetidine or the AqF was given intraduodenally, there was a significant increase in the gastric juice pH and decreased of acid output (1000 mg/kg) but no change in the amount of gastric juice was produced (Table  5) . These data show again that a possible antisecretory effect is involved in the antiulcerogenic activity of the substances present in the AqF. The action of the AqF when administered intraduodenally agrees with the observation that flavonoids can be fully or partially absorbed from the gastrointestinal tract. 24) The AqF had no significant effect against duodenal ulcers, with only 17 and 25% inhibition of their formation occurring at doses of 500 and 1000 mg/kg, respectively (data not shown). However, a higher dose of purified flavonoids could have a significant effect in preventing such lesions in rats.
The antiulcerogenic activity of many plant species is related to their content of flavonoids. Spartium junceum L., a species used in Turkish folk medicine to treat gastric ulcer, contains glycosylated flavonoids with antioxidant activity. 27) A flavonoid present in unripe plantain banana pulp (Musa sapirntum L.) protects the gastric mucosa from aspirin-induced lesions. 28) Similarly, the flavonoid hypolaetin-8-glucoside present in several species of the genus Sideritis also has significant antiulcerogenic activity. 29) The synthetic isoprenyl flavonoid Solon shows good antiulcerogenic and gastroprotective effects. This compound is derived from sophoradin, a flavonoid isolated from the traditional Chinese medicinal plant Sophora subprostata. The exact mechanism of its action remains unclear, but may involve an action on the production and metabolism of prostaglandins and mucus in the gastric mucosa. 30) Our data suggest that the effects of the T. ulmifolia infusion are probably related to an increase in prostaglandin or mucus formation, inhibition of H ϩ /K ϩ -ATPase of the gastric mucosa, or possibly to antioxidant and free radical-scavenging activity, since all of these mechanisms are related to flavonoid content in other species. 2, 14, 17, 27) Various compounds detected in minor concentrations in the AqF showed no antiulcer activity and did not belong to the classes of chemical substances described by Lewis 31) as having antiulcerogenic properties.
Although the precise nature of the active components of the AqF is still not known, we have found that the flavonoids present in the AqF are C-glycosylated flavones derivated from luteonin and apigenin (Vilegas et al., unpublished data). The results of this study support the use of infusions of T. ulmifolia to treat general ulcers, and suggest that this species could provide useful phytotherapeutic agents for the treatment of gastric ulcers in humans. cioso is the recipient of a scholarship sponsored by FAPESP.
